ABSTRACT: Pig farming is a significant economic activity in the food industry and the meat trade. However, pig slaughterhouses release their waste through effluents, which may spread pathogenic microorganisms and degrade the environment, particularly in bodies of water. The aim of the present study was to assess the efficiency of the Australian wastewater treatment system and the quality of the Effluent Treatment Station (ETS) of a pig slaughterhouse, which flows into the Laranja Azeda stream in the city of Dourados (State of Mato Grosso do Sul, Brazil). Effluentsampling was carried out in the ETS using treatment ponds (Australian system), from the input to the output, over a period of one year. Physicochemical and biological parameters were assessed to measure the effluentquality. The results showed a reduction in organic matter and microorganisms. The concentration of dissolved oxygen, pH, effluent temperature, redox potential, as well as the amount of coliforms, exhibited a significant reduction (p<0.005). The waste management brought by the ETS promoted the removal of pollutants from the effluent. However, these procedures were not enough to satisfy Brazilian and international parameters proposed by the WHO, which regulate the dumping of waste into water bodies.
INTRODUCTION
In recent years, pig meat production on an industrial scale has achieved high levels of profitability, mainly due to technological innovations. However, the swine industry produces large amounts of waste and has become a highly polluting activity. The large consumption of water required for this activity leads to great volumes of released water: 80% to 90% of the water consumed during processing is discharged as effluent. The water of effluent eliminated by slaughterhouses has a high flow and high load of suspended solids, organic nitrogen, and Biochemical Oxygen Demand (BOD), which presents values of 4.200 mg L -1 depending on reuse or effluent treatment (UNEP, 2000; AGUILAR, 2002; DE SENA et al., 2009; PEREIRA et al., 2011; HOEKSTRA, 2012; GERBENS-LEENES et al., 2013) .
Wastewater treatment must be performed for the adequate release of effluents into water bodies. The evolution of agro-industrial wastewater treatment systems has provided efficient technologies for removing organic loads (OLIVEIRA et al., 2013) . After several relevant worldwide discussions, national and international official agencies have established rules that regulate the disposal and monitoring of agro-industrial waste in order to minimize their impacts to the environment. In Brazil, according to the standards recommended by a specialized agency (CONAMA -Conselho Nacional do Meio Ambiente), effluents produced by the swine industry should receive adequate treatment in effluent treatment stations (ETS) before being released into receiving water bodies (BRASIL, 2000; 2011) . There are several processes involved in the treatment of swine wastewater, such as physical, physicochemical and biological treatments (VIVAN et al., 2010; BUSTILLO-LECOMPTE; MEHRVAR, 2015) . Each ETS should reduce organic and inorganic substances, as well as the load of pathogenic microorganisms. Thus, the treated effluent may be released into the receiving water body without causing damage to the aquatic environment health, in accordance with the physicochemical and microbiological parameters recommended by current legislation. Continuous monitoring of these quality parameters from agroindustrial effluents is essential for the efficient management of urban rivers.
The level of water pollution directly relates to the excessive increase in the amount of nutrients in the effluent, which has been assessed by measuring values of BOD and Chemical Oxygen FILHO, 2005; HUANG et al., 2012) . Stabilization ponds have been used as an alternative treatment method for swine manure in rivers and are a low cost alternative since they do not require great operating care (VIVAN et al., 2010) . The Australian system consists of anaerobic and facultative ponds, responsible for the removal of organic matter and whose efficiency is assessed by BOD and COD measurements, as well as by maturation or polishing ponds, which are used to remove the remaining organic matter, nutrients and thermotolerant coliforms (VON SPERLING, 1996) .
In consideration of the large number of watersheds in the state of Mato Grosso do Sul, as well as the recent increase of agro-industries, it is important to assess the quality of the effluents generated and released in local watercourses. The effectiveness of treatment systems (or simply waste stabilization pond systems), in terms of generating effluents released into the environment, can be assessed using appropriate microbial indicators and physicochemical parameters. The aim of the study was to assess the Australian system and to determine the effluent quality of a pig slaughterhouse plant for reuse purposes.
MATERIAL AND METHODS

Study area and sample collection
The slaughterhouse is located near the city of Dourados, in the state of Mato Grosso do Sul, in Midwest Brazil (geographic coordinates: 22º 13'27'' S, 54º 24' 57'' W). The Laranja Azeda stream is located south of the slaughterhouse and belongs to the Paraná River watershed and the Ivinhema River sub-basin. The stream receives post-treatment effluent derived from the pig slaughterhouse waste. The source of the Ivinhema River is approximately 1.0 km from where the effluent is dumped.
Approximately 1500 animals are culled daily in this slaughterhouse, representing a total of 304 tons of slaughtered animals. Approximately 2050 liters of water are used per animal during slaughter and meat processing. The average water volume consumed daily in the slaughterhouse is 3.145 m 3 . The flow from the ETS to the receptor stream is 35.8 liters per second and the water retention period is 20 days.
Australian system for the Water Resource Recovery Facility from the slaughterhouse was composed of five ponds, with two anaerobic ponds (A1 and A2), two facultative ponds (F1and F2) and one polishing pond (P).
Classification of the water body
The Laranja Azeda stream has not yet been classified, according to IMASUL/Dourados/MS/Brazil. In this context, Article 40 of the law previously cited (BRASIL, 2005) states that fresh water without classification should be considered as Class 2 (Table 1) . 
Water samples
Water samples were collected in 500 mL glass bottles from each of the five ponds (A1, A2, F1, F2 and P), near the transferring duct, at a depth of 10 centimeters from the surface, on 16 different days during one year. Intotal, 80 samples were collected.
Physicochemical analysis
The parameters related to Dissolved Oxygen (DO), pH, temperature, electrical conductivity, total dissolved solids and oxireduction potential were measured using a multiparameter probe (Hana HI 9828) during the water sampling.
BOD and COD assessments were performed at the time when the effluent was released into the receiving water body. These parameters were determined by the respirometric method for BOD and the closed efflux colorimetric method for COD, as described by the American Public Health Association (EATON et al., 2005) . The time gap between sampling and analysis was always less than 4 hours.
Microbiological Analysis
The quantifications of total coliforms (TC) and thermotolerant coliforms (TTC) were performed using the multiple-tube technique (EATON et al., 2005) . Three tubes per dilution were used to determine the most probable number (MPN) of TC per mL of each sample (TC mL -1 ). The number of TC and TTC was calculated using specific tables and the results were expressed in MPN/100 mL -1 .
Statistical analysis
The correlation between the physicochemical parameters and the treatment efficiency of the ponds was assessed by analysis of variance (ANOVA). When the normality and homogeneity assumptions of variances were not satisfied, the Kruskal-Wallis test was utilized. The parameter of DO was converted into log for the analysis of variance. The Mantel test was used to correlate the principal components analysis (PCA) for the physicochemical parameters with the PCA for the microbiological parameters of the effluent. The null hypothesis (H 0 ) formulated considered no relationship between the physicochemical and microbiological parameters. The analysis was performed using Past (version 1.81), Systat (version 12) and R softwares.
RESULTS AND DISCUSSION
Laranja Azeda stream has been classified as class 2 according to the Brazilian resolution, which classifies water bodies into classes (BRASIL, 2000) . The regional classification of water bodies should be in accordance with the legislation determined by IMASUL (Instituto de Meio Ambiente de Mato Grosso do Sul).
Water from any pollution source cannot be deposited in a receiving water body if its quality features are in disagreement with the previously established specific parameters. According to legislation, effluents should not exceed the quality standards and conditions of its respective classes, in terms of reference flow or volume available (BRASIL, 2005) . Furthermore, it is important to consider other conditions of effluent discharge in accordance with CONAMA resolution No. 430/11(BRASIL, 2011).
Physicochemical parameters
BOD and COD are the main physicochemical parameters used to assess the organic load in wastewater. Figure 1 are displayed the mean variation of BOD and COD measured in the effluent in the anaerobic (A1) and polishing (P) ponds. The Brazilian reference parameters established for BOD a minimal removal of 60% (BRASIL, 2011) . The Australian water treatment system removed 97.3% and 95% of BOD and COD, respectively, which indicates high efficiency in the reduction of organic load. Pacheco and Wolff (2004) analyzed the efficiency of ETS from slaughterhouses and obtained BOD removal of 91%. Similarly, Sousa (2007) monitored the domestic wastewater treatment using the Australian stabilization system and found values of 93.90% and 79.14% for BOD and COD, respectively (Figure 1) . In South Africa, legislation that regulates effluent disposal in water bodies determines 30 mg L -1 of COD, whereas the World Health Organization level is 20 mg L -1 for BOD (EAF, 1984; WHO, 1996) . The COD values for the samples collected at the end of treatment varied from 127 mg L -1 to 553 mg L -1 , whereas BOD values ranged from 26 mg L -1 to 197 mg L -1 . Based on these values, the effluent did not satisfy international parameters. Organic and inorganic matter contributed to the increase of COD and BOD levels, particularly nitrate, an important product of oxidized organic matter (IGBINOSA; OKOH, 2009).
Significant differences were found in pH, effluent temperature, redox potential and DO parameters, between the beginning (anaerobic pond 1) and end (polishing pond) of the effluent treatment (Figure 2) . However, no significant difference was found in total dissolved solids and electrical conductivity parameters between the beginning and end of the Australian treatment system (Table 2) . Gemmell and Schmidt (2013) assessed the water quality in the Msunduzi River (South Africa) and reported a pH variation ranging from 6.5 to 8.5. The WHO (2003) determines a pH value range from 4 to 11, whereas Brazilian legislation determines pH 5 and 9 as the minimum and maximum, respectively (BRASIL, 2011) . In this case, the effluent satisfies the characteristics previously established by national and international standards (Figure 2) . Therefore, the pH water of effluent cannot cause harm to the soil, crops, or people. Park et al. (2011) stated that the pH variation in treatment ponds is related to algae proliferation, which consumes carbon dioxide and releases bicarbonates during the photosynthesis process, thereby causing alkalinity. Figure 1 displays the pH increase in the facultative pond. In the effluent treatment process, temperature can influence the ionic balance, pH, gas solubility (CO 2 and O 2 ) and the metabolic activity of the algae. Temperature decreased by about 5 ºC while passing through the ETS, ranging from 27 ºC to 22 ºC. This parameter is in agreement with the Brazilian resolution, which states that the effluent temperature at discharges hould be lower than 40 ºC (BRASIL, 2011) .
The DO concentration for water potability should be higher than 6 mg L -1 , considering that a concentration lower than 5 mg L -1 is not adequate for the maintenance of aquatic life (DFID, 1999). There was a slight increase of DO in the water while passing through the ETS, with a final concentration of 1 mg L -1 in the polishing pond. Nevertheless, DO values were lower than 5 mg L -1 , which is the national reference (BRASIL, 2005) . According to Holenda et al. (2007) , oxygen loss is related to temperature alterations that lead to a metabolic rate increase in heterotrophic bacteria, which consume O 2 for organic matter degradation. The oxidation reaction of a compound, or a mixture of compounds, rearranges chemical substances, altering the chemical structure and creating toxic products. The main natural agents of oxidation and reduction reactions in effluent are microorganisms that degrade organic matter, which can involve partial oxidation (producing compounds of reduced toxicity) or total oxidation (complete mineralization of organic matter). Low oxidation reduction (ORP) values indicate the presence of reducing agents (e.g. ammonium, nitrites, organic substances), whereas high ORP values indicate the presence of oxidizing agents (e.g. Cr (VI), Mn (VII), oxygen gas, chlorine gas or products of its hydrolysis) (GONCHARUK et al., 2010) . The ORP variation observed in the treatment ponds may be associated with biochemical reactions related to microorganisms and algae. The increase of ORP observed in facultative pond 1 (200 mV) (Figure 1 ) indicated formation of free oxygen in the effluent from photosynthetic activity. There are no standards for this parameter in Brazil, although it was possible to infer that the recycling of organic and inorganic compounds present in the effluent happened while passing through the treatment ponds, which resulted in the increased ORP.
The total dissolved solids (TDS) concentration is an important parameter of the water quality in agriculture, since the productivity and quality of plants depend on the soil salinity levels, which may be determined by irrigation. TDS directly relates to the electrical conductivity that measures the ionizable constituents in water. TDS levels and electrical conductivity of the effluent did not decrease while being treated in the ETS, with values higher than 1500 mg L -1 and 300 µS/cm, respectively, and a low significance value (p<0.005) was recorded. In Brazil, there are no reference values for these parameters e for the effluent deposition in the environment, making it difficult to monitor the ETS effectiveness. Igbinosa and Ohok (2009) assessed the effectiveness of an ETS in South Africa, considering a limit of 0 to 450 mg L -1 for treated effluent, as stipulated by South African Water Quality and the Department of Environmental Affairs and Tourism guidelines for TDS (DWAF, 1996; DEAT, 2000) . The same authors considered electrical conductivity values below 250 µS.cm -1 as an indicator of safety to freshwater aquatic communities. Based on these values, the effluent released into the Laranja Azeda stream exhibited high levels of salinity and conductivity. High concentrations of TDS and conductivity are toxic to the freshwater environment and may affect the osmoregulation ability of aquatic organisms, thereby reducing the local biodiversity. In this context, the incorporation of a pond with aquatic macrophytes after polishing could contribute to an increase in the ETS effectiveness. This procedure may enable the adsorption of salts by plant roots, resulting in the reduction of remaining total solids and conductivity in the treated effluent.
The Mantel test found a significant correlation between the physicochemical and microbiological characteristics of the ponds (r = 0.27; p = 0.013). Thus, changes in physicochemical conditions occurred throughout the effluent treatment process, influencing the microbiological characteristics this water significantly.
Microbiological parameters
Microbiological parameters analysis of the slaughterhouse effluent indicated the efficiency of the treatment system in terms of reducing total and thermotolerant coliforms. Analysis of the ETS efficiency in terms of microbiological parameters in the polishing pond indicated that 75% of the samples (12/16) exhibited TTC levels ≤1000 TTC.mL -1 , and 37.5% of the samples (6/16) exhibited TC levels higher than 2200 TC.100 mL -1 during the collection period. The results showed a reduction of up to three orders of magnitude in the log, representing a decrease of more than 99%. Significant difference (p<0.005) was found in the microbiological parameters assessed by the KruskalWallis test (Figure 3 ).
Brazilian legislation indicates a limit of 1000 thermotolerant coliforms per 100 milliliters in 80% of samples of water river collected during one year (BRASIL, 2005) . Despite the considerable reduction of microorganisms during the effluent treatment, only 75% of the samples presented permissible TTC values. Thus, the quality of the effluent was not in accordance with the parameters described by Brazilian legislation.
World Health Organization (2006) indicates a limit of 1000 TTC.100m.L -1 /sample for the use of wastewater in unrestricted irrigation. Since the thermotolerant coliforms levels in the effluent exceeded the limit, this wastewater must not be used for forage, fruit trees, industrial crops and pastures. According to Keraita et al. (2007) , vegetable irrigation with wastewater is widespread, providing important nutrients for vegetables, and is considered a profitable alternative for farmers. However, it is important to highlight that water with pathogens levels above the established limits (calculated from the number of total and thermotolerant coliforms) may cause diseases in people and animals (SCHAAR et al.; . TTC is used to analyze river water quality but it does not represent a reliable indicator of fecal contamination (WHO, 2011) . The Canadian Council of Ministers of the Environment and the California and Colorado Government established a limit of 2.2 TC 100 mL -1 for irrigation of food to be consumed raw (GEMMELL; SCHMIDT, 2013) . In the present study, only 62.5% of the samples were in accordance with this limit during the sampling period, indicating a high level of contaminants in the effluent after treatment.
The use of water for bathing is regulated by CONAMA resolution No. 274, which established the conditions for recreation of primary contact, classifying them as proper or improper (BRASIL, 2000) . At least 80% of the samples collected in the same place must exhibit a maximum of 1000 thermotolerant coliforms 100 mL -1 (thermotolerant). Considering that the effluent did not satisfy the microbiological parameters provided for the receiving water body, it appears the Laranja Azeda stream is inappropriate for diving activities due to its proximity to locations of imbalance between the effluent components and the water body. Future ecotoxicological studies should be performed to analyze the mortality of aquatic organisms in the Laranja Azeda stream, as well as to diagnose the impacts caused by the microbiological contaminants and levels of conductivity, salt and DO from the effluent.
CONCLUSIONS
Despite the considerable improvement in the physicochemical and microbiological parameters assessed in the effluent while being treated in the ETS, the effluent did not fully comply with national and international parameters that regulate the discharge of effluents into water bodies. This finding may imply deleterious effects on the receiving environment and prohibit the reuse of the wastewater.
This research indicates the need to analyze other ETS in order to assess the contamination level in water bodies that comprise the regional watershed, as well as the need adjusting the necessary parameters for greater efficiency in the elimination of pathogens as a form of environmental health control of ecosystems in these sources. (CTT) . Os resultados apontaram a redução de matéria orgânica e microrganismos. As médias dos parâmetros avaliados apresentaram redução significativa (p<0,005) para a concentração de oxigênio dissolvido, pH, temperatura da água, potencial de oxi-redução, quantidade de coliformes presentes na água. O manejo dos resíduos gerados pela ETE acarretou na remoção de poluentes do efluente, mas não foi eficiente em atender os parâmetros legais brasileiros e internacionais que normatizam o seu despejo em corpos de água. Considera-se necessária maior fiscalização das condições referentes a qualidade de água do efluente lançado neste córrego, pois o resultado indica risco de saúde para a comunidade ribeirinha que faz uso dessa água para banhos, dessedentação de animais, irrigação e outras atividades domésticas.
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